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Publication Title: 

SEMICONDUCTOR MATERIAL, METHOD OF PRODUCING THE 
SEMICONDUCTOR MATERIAL, AND SEMICONDUCTOR DEVICE 



Abstract: 

An insulating member (4) of an amorphous structure partially opened to 
expose a substrate (1 ; 1 , 2, 3) is formed on the 
3d9 

substrate. At least a compound semiconductor (5, 51, 52) containing at least 
nitrogen as a constituent element is deposited on the insulating member (4) and 
the substrate (40) exposed by the opening thereby to form a semiconductor 
material (1 , 5, 51 , 52). A semiconductor material (6, 7) configured of the first 
semiconductor material or configured of the first semiconductor material and 
another semiconductor material grown on the first semiconductor material is 
processed thereby to form a semiconductor device. 
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(57) Abstract 

An amorphous insulator (4) is formed on a substrate (I; 1, 2, 3) 
and has windows where the substrate (1; 1, 2, 3) is exposed. On the 
exposed parts (40) of the substrate and the insulator (4), a compound 
semiconductor (5, 51, 52) containing at least nitrogen as a constituent is 
formed to form a semiconductor material (1, 5, 51, 52). A semiconductor 
device is fabricated by processing the semiconductor material (1, 5, 51, 
and 52) or a semiconductor material (6 and 7) formed on the 
semiconductor material (1 , 5, 5 1 , and 52). 
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m m m 

5 wfcftm 

*Wm. B, Al, Ga, In, T 1 ttSfffiBIII ®OT&©4>tt< t h 1 S 
£N, P, As, Sb, B i tt£^!BV&x3l®4>tt< drfc H^bM$tl5 
III -V»£{bM!5^mM*©eafifeS^«*>f3x 4*£7\#ii3R (hexagonal system) 

15 

i!£^ Gain N/G a N/A 1 G a Nttf4*ffl ^TWfe»&««Ol6**fT 

tt$64g(1994 *P3 JJ) , 1687-1689 H (Appl. Phys. Lett. , Vol. 64(1994), pp. 
1687-1689 ) ) Ma*{C|H]^67^(1995 ^9 J?) , 1868-1870 H (Appl. 

20 Phys. Lett., Vol. 67(1995), pp. 1868-1870 ) (12*2) % Rtf$> + ><--X • 5? 
+ • *>r • 7^5 -f K • 7 >r if y 9 TMItumnmim m fl) N L797 
-L799 H (Jpn. J. Appl. Phys., Vol. 34(1995), pp. L797-L799) (IS* 3) . |h|I£ 
!&34#10B ^(1995 mm) . L1332-L1335 H (Jpn. J. Appl. Phys. , Vol.34 
(1995). pp.L1332-L1335) (12*4) ftCftcR8£f&34£llB "t(1995 ^11/3) N 

25 L1517-L1519 K (Jpn. J. Appl. Phys.. Vol. 34(1995), pp. L1517-L1519) (12* 
5) fcJMtetrEVSo 

coi2* i ras 5 tzfflfjkisntz^mftgimz&mtz t7 7 o 

(Al 2 0 3 ) S^»C±aoa^b1»^(**^ttS/<-y7rJi^Ji£L. 
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¥4 - 2 9 7 0 2 3^&n (m}\Z%<Dftn#mtzZ>®W¥-l - 3 1 2 3 5 0-t 

AmtzoKfcxm&mtzzxmms. 290, 39 z^jm) w^rm-i 

- 3 2 1 2 8 O^^mm^tlX^^o ftffl¥-4 - 2 9 7 0 2 3^&#*<tfc3F 
tZtZZlz&tlti, if7r^7SS±CGaxAl 1 -xN (0£x£l) ti 
5 1 Oi»H*i^:tlb0i^«t *9 3 0 0-7 0 0 tT«t-6 

£&ii£ft<&&n£o c©^saji±«ci ooo-ios 0T:©i&£Tm2 

15 *5C<t^^¥6 - 1 0 1 5 8 7^«lwM^$nn»S« Uft^U C©&$8 

Mg A l 2 O4 ^NaC imftSM&OMgOmZ&RK&mL, *<D&fiLtlz 

25 2105-2107 M (Appl. Phys. Lett. , Vol. 68(1996), pp. 2105-2107) (12*6) 
±Et£*aH5^J:ntf, 7s3ffi£ (hexagonal system) 
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0"cra- ! iil<, '>*£< l 0 0 O^iaattLTlftlBTSSU-lf^^C 
5 ibSCree Research, Inc. <hNorth America Phillips*±£©&l«Hft£K<fc On 

W^S-pfcfcdfcj^ BiH^U? r-ur.?Xl£l 9 9 5^1 2fl 4 B^f (£6 
5 0-t) m7H (NIKKEI ELECTRONICS 1995.12.4 (no. 650), pp.7 ) (IS* 7) 
10 Lrf^ LIE* 7 K a{k«^##JiOXPS«KttU— if 

(3I&> 1 0 4 cm" 2 ) *fitt-rs^<fc36<^nT^<!:$n«o $£ot, 

15 h3s=jx h©±#t»ra$n5o 

a-fk«a3R*t!40«iifclwO^TmRLT^«*<. S fr*©®*- K«r 

*«W©aSl©BWtt% A2Ffi# (hexagonal system) Oteft«Kft*W"^S 
III -V«-fk^»¥»»XttV»l5c*i:LTN (2&) «r^t;C t*<S»Sn* 

^fl!2fk^W*^ttS^i*l*ft*^fi^^K**^^*^*^ ft 

25 WKDnmz&Zo rffij6rfil^«*ftJ ±&©S i Cg££$fflL/c& 
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mmomftxtezommzekz** vromftbK (mobility) z% 
« i/ — WFfcus-r * k& ^ja^ttJUKS^as-r s c t ic * § 0 

10 1 . ^i&tNs 

*§fe!Pj#©-A»x *ttiHOft5blt±56©S«ltttS'l#BI¥7 - 2 3 8 1 4 2 
^©WaflN-fc^T* ^©i^^^^U-if^^tlllLT^So *©-0J*r 
EH£#JRLT«MH1-3£. (OOOl)C ffi^nt7 7 ^7 (fl-Al, O,) 
' ©JftMSK 1 ±K % $ 1 omfcWmVtm (G a N>< <y 7 r A 2 , nIGaN 

15 Mti3) *fefiBfes$-fr, ike* 1 <Dmm^&m±.\z.mnz%mm-?* 

* 4 a^iStSo ^©IfeBtllvx^ 4 liiiHft^««*©H«!W^^->*<Sft 
:oWt'(^ 1 ©Sft«J J NM*l©±ffi (nIGa NTfeS^l 3 © 
±ffi) *<KaiLT^So il©ttirel6*§l4± WTIi^lCiW^ 
m±) (C. $ 2 OUfcH^i (nIG a N7t#&S 5 ) j&<Sftfifcg$ft6o 
20 tt*>\ EI 1 BttiaWRTX^ 4 ©¥®£. EI I A lis EI 1 B©A — A' Wrffi*^ 
•to 

mt>, *»w©-A*<a*-rs¥*(*u— y^tt^ » 2 ©s*M&3M»#Ji 

©»Siacfi©«*Jj£«**±iE©aill*^&«ai"tS nffiG a Nj^KftA 3 ©S 
ffifcRSLTs *©3*5cfl*|<j:4lifc**«:*«)-5C<fc^ » 2 ©a^«B^{*:« 

<*«w\ m * vmmfr$>%tii Lfc»»©*®i<«M»« 4 ±®ic# ltto^isj 
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^tt^aSO/^^JiJtftlwJt^T* 2 ©8*b«9^**©»attl**teafc»* 

5 ±&0*m<D*m&b-*X¥*to*&fcs i o. *ffl^T«[ 

o-y bttSHU ^n^to^lSl^mbLT^Mm^Sim^ (T EM) T? 
SS&Lfco ^##1^— !f*T«. f7r^7 (fl-AhOi) $&a£& 

ocooooc B±i^ i <Dmm*m#m. gk«*> 

10 2©^fb^¥#ftl©-^«J&$*i- B££»©rafcTm©S*btt¥*f* 

fcjll : S iOj I («HR) ±TJfcftLfc*2©fcfl:toWfc*©*6a*W6 
'ftKiil 0 4 ~1 0 s cm" 2 ©ISH^ l Itl«kO fcfiv^o £ftt-S*U S i 0 2 © 
15 g^^JCTJS 1 ©^b«9^*{*l©±B*^^S Lfc* 2 ©£«¥*#!© 

t**So B«*»i?js»Lfcj(i2©a^«iia»{*Uwa&nsx» (tett) ©ft 

r >f 7»R©MTf»*L, m 1 ©^bW^a^KSLTC©l(c 
*©r<-»*S iO* ±{cM$tl^2©^bW^i*l(CgALT 

20 ^sci-e*So &w-r*ui\ s i o. ±©«2©a^«^»#sicEb»ns^ 

PfeliS i0 2 ©g$*«^&«n4lwonTSi»t-«Ji>LT^So C©*R5©^ 

$5J^l^rEI2(c^-9 u 7 , N«^a©*tt«lii^t>L. ««M(C 
B$S«*tt^Ta<b«5^#ttJili»©»©^*WJW u *©»f^fiJt*« * 

9«ftt*<*So B£S«&tfffe«ia±T*Jifc£ ltz% 2 ©^bftaNMtJltt*?*! 
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A, 1 B izgtf&m-Z*?) T* 2 oofctffcfl-tf £ |g||lBLh<0{S«O^KHft 

10 <D&mfrb£&&m<om=HB&llzto>,T*&jfo (BPS* SI*affilc**LM2r 
fSj) IcffifrrSJiSICfiWU i^ig±KTg££Sltt^toLTJ&£L^b 
«^^©fl9iE*«ffc<i:^S*ffitLT*^|fil (IPS. SaE««Bi±ffiJc«Wf 

:ct\ ctfe£tt^a%©*&a©*&ift& (unit ceii ) (owmmzm-fc 

ft** WU) tLT^ie$tlS (a, 14, a 2 Nu a 3 ftbt>ft4Slc$£) 0 El 2 
Ttt, III flUB?- CGa. All?) V1tiBIL=P (N. Asf) 

(a „a„a 3 ,c) *U *©HW*B2fcjjc*£fc*>"C&*o t7 7 -f7fcg 
^¥^<h|SI^<7 , x^^©^a«lig^W^S^J6> *©(0001)C Steeple 

!3it^ii-e*5:<!:«Ei2^bHibm^?o «*>\ ft£aft©&a& 

gtcfctf^ai f*&tfa 2 tt(*aliii&CfbtA£i>ttE3*U C©«Elc*^* a 

25 Nu bNu c$4(iii^[100] , [010] , [001] tt£J&&[a,b.c] iLT^^tlS 

£#m LT*ntf, ±&©m 1 ©3{b«3¥4M*sa<E c: A^a^©*-7 r -r 7^ 

aS^© (0001)®±<C c WSft Cit^^yt L T U 6 £ £ sWifBT? £ «fc 
9 (d©«k-9^^LA:«l©a^b«!l¥*(*Ji©eafi. t7 7 ^7SIt:«L 
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5 S(c£/cO. EI3 A~3 E iZTfit & OK? 7 r 4 T&tiL I OiOOODC ®±{Cg£ 

fclji2 : £|RRd<#filf<!>S iOa, SisN, (S i N, ) > S i 0 2 : 

10 P 2 Os (PSGK S iON&I/Ta 2 0* T*ti> mXMLklzl&fSLZtlttil 

" *DI, 3 : imm*<te8M&*1i+& SiC^BaTiO, T'(i> »f 

15 i©^*<g^^sp (^7 r ^rs«±) <kra«f»w»«au:Tft>MJi&L^o mi 

(1 0 6 -1 0 8 cm" 1 ) a*<fflLfc, 
25 1 0 B ~l 0 " cm- 2 ©laffl©^)t©XF(6*<f.btlfCo ttfc, 
**W#ttx Cftb©ftjl2~4^£&©*£fn ; £:if*:o 
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HfcKTJifcgfiftl 0 3 O^lcMfcLfco C©£»©#«ttlfe|Ji©Sa6©J&JB© 

io mtiTMf&tsntiimns i o* m o c©s i o 2 <gsjc±&©g 
anas •. G&m*<Dmm&Bi&itzmmzmmz&tz&i&&*wi£zntz 0 

"$bl:*SIS i 0 2 flt©&A££ft&Al 0 3 0°CIC{**»> TV^-TOT* 
15 T' h U ^ f-Zl/tf'J <5 A (TMG) ©#X£&&-f JbaciMSASr+fci;:* 
ftfeH©^*SA*<^^ mfcft Lfco Cl©J|l»a©»riB*T E MH& Ltzt C 
^A+{cl i UB$n/c^R5©^S(i±iE©S^ttfiScS©fit (1 0' -1 0* 
cm" 2 ) *ajNcTEl?K n ? Mc*oTli&RWfcfcfcK<!:*tt-frS *>©*>£> 

o /Co 

20 *^B^#(i, ±^©*K&tfcn*^»fctta5jcai^*i6ii«j±-c©a<b«i 

¥##©&Aj£&tttt&B 4 A~ 4 E {C^t*x;U<b LTft?8? Lfc„ tefcEl 4 A 
~4 E©^-r;UT(i. Galf (III JJot^) £G*U NEST- (VJJot*) £J! 
&T'^U ^^^©^©^Sd^riSj^c^Lfc^EHT^L/Co JslTfc. * 
ffeW#©UI¥*#^So 
25 *fPJ#©ft¥W;:<i:nii\ MRoifefiaUifcibMJSNII^&tfG al^li$ 

(atomic migration) tl 1 r> 'J ^ >©|iBi;fe^tf 7 X^O^f 7 
JiW-SS i ^ ©Mrtc&ii-r -So *H»T*{i. ^BROlfefcttiKGafiii^ 
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©i^K, III ^7C^OGall^{C*fLT^«m^^L^9V^5c^ON 
^(i. Ga : N=i : l ft&m*Mi£e>'<7&R.L\ W*>4k&mW&tZ> 

aufcu z.n\z&*)±.&Q>m&&*fctiLtz> (H4 0 • zowrvk. imm 

MG&&&-T S i8MtH±K#£t£ G a NIR?»i©it*<±ifcO^ 

£©T. c:n&*<ft5icir^t-S**tt»IRB^^H3e$n^G a NOftfitcfr 

^£&i££tt5ND^a:tf G aJSi^^TttllKftKG a NCD*S H ^O^S(c^ 
(E4D)o *©*SH> GaN«BS©^T©|gMC*iV»T»SaifiSA<ii 

15 ftu g aNmm&ittn&ttmftz&^^Mtez (hue) 0 &±© 

tttt3 (*. i^Jl±{c^^S©^^L^^ISOfffc^^^«^i:^ 
its i 0 2 K±{CiagLfcS^»^#(*Ji{wJt^TiS^W^»0«k-5Jw^g*lt 
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ifia^flbofittoesjcft^j&fj: •? (can*, cnic x K>W3<D$m,mzts^xi& 

»»*t*iu-*j^ s 1 1 1 &5c£©#*&ftj8P-r s c t&nmx& mttut 
'mmiun m^^m^mt tx^tti^^mxmm-^ctim^t 

S¥£ttl©*ft£#lte£C<ha<a2L<U M^»L<ttIII ^^^^^ 
tLT^^l^i^ItUv 4^ ±a60ttWtta^t«^*{*ai^B. Al, 
Ga, In, T 1 £ 1 1 1 WtMO'Pte ( tbl Mt N, P, As, Sb, Bi 

mtWIII -V«^^»*»<*7?*»)B.o/d5rft^ (hexagonal system) 

wt-s^N»{*Miwo^Tt>^n«s>©«terieft«:7-f - K'<y 

&ss& i <Dim£&MM&<oi&&im*k>ftzni i ©si«£w u ^ i ©<s«® 
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*m&Vm 2 : A^^^C^^ig^W^^^^^^^^S^ 1 ©sua 
5 J£Lt©¥$##**Klia L > % 1 ©H#©±iBSfl 2 ©fl^LhtCfijtg $ tltz®ft<D 

t vm5t%fr z>mj&is tin > s z t zft®. t-r * *>©<> 

III Ga, Al, I n) ©'>&< i t> 1 WtN <M%) tc£ 

2. ¥*#£H^©JBffl 
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(toteafrpei*. **««*Kift4i-5tea^Pi«**<i o 4 ~i o 5 cm- 2 ©© 

25 gKfi&«#*<l 0 8 ~l 0 " cm- ! ^5o 

#lc*M****+ U7©**ffiT©rail*-*lw»?8tSo #£*«»»&©*§* 
X»©fi*tt. R#tttfljt©^*«Jw*tf51IJ[gLlcJ:*^^©«^*«i«I 
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©*»»K-:/**lt*"eSSo «6oT3>^ H^OM K-^lCkS* 
+ iJ70*4feSfii:«»)s niRO'pi*t yrMfcttfcfflJitanfc 
5 l 0 ,8 ~1 0 ,, cm- , *-^©K^Wc*-?fia!36^**o *©*££> 0J*.(i'¥£ 

•^rafciS (BH«jt(Buried Heterostructure)) ^©X h 5>f :/#fiatc<fc o 

ij 7£A*w#qttD*fT-3 :tT, £A* * v 7«fc2^***8Ms*«JHfcS 
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*@«lt, s«»«»©iejttt^j^iwiPtt**a^isi±-rso 

£afcfHK**C£*<T?*So WS^Zinc Blende #&Z>J|l|gB£&& 

»*«o(iio) ffijc*e7?***\ a-io)®u:Sjre* 
«fc K^wtfj*»f^*aiac-psso 



WO 97/1 1518 



PCT/JP96/02663 



5 «JI!U:»Ji^'r*t!U-S**Wl?*5o ff* U>***Jfc©-W;:*JttSft* 
10 (HEMT : High Electron Mobility Transistor ) JC^fflf SiSftWC*So 

A^iim©tt»^*w^«^^^»(ttt»4"^jatsns fc©if So i^-f n 
"©»mww»4fc. *©»MBttajEtt«i»-ca^A:i*5*)"e**o *fc*Mttt«* 

fftt) (i^fijc$n^^fc©i-r<So C©*fr*»^fe©"^*titfiPHttS*t*4 

20 ¥££ttJJ*©#Wffi*£ft-*-. lf*T-lw*>^Ttt. 1/— MI6J6©*:* 
©^3^*»KMt««±«wtti65Ci*<a* Uv, d©¥*#»B*lfi«. 

sj£##u-ir#?©*tts>?\ i&fc* 1 ?- (led) , jteaiKk 3r 

25 ^^^^^^^^^^^/^©o c©^^s^«i^-rs^{* 
mt\t, n\<D2&mmt. *©±Tic$£3nfiom©^f**.fc9**w* 

Ki:iAJ6S3&\ x(i^$-ars^©^-rn^(^jffl$nSo *fc*2©¥*#Ji 
% i c^si^its+t u t^a^^- + y uiito^jftfi-rs fe© 
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mi-, ^2,ik %2omz.m'&LTpnm*#wm&*m&LLT\>±\<\ 
10 m:^m.^^mit^i-6mm±. m^m¥ B m^.±^m^M ago ±tcj&i& 

EI®©fSW.£iaw 

El 1 Att, *^jc<fc5^<*l^-if#^©^filii©iB£»rffi (El 1 BOA - 
' A' »fE) &*?-EIT*>-So 
15 El 1 BtiEl 1 AO^Sfct'— V&l-Oimi&±MZTs-?WC&%>o 
E12ti. 7 I N^r^©i^^«|iiO^&fl|)i«r^-rElT'*6o 
EI 3 A~ 3 E(i. #2&BE©*£flJ&S&ffi 1 CM LT^^g^^^iJWJ-^-T 
ETe*>So 

EI 4 A~ 4 E{±. *%W®&*U±^&Zft$knmi&<n&im±T*(DG a N*£ 
20 iij£g£B#&?i]tttc*?igT**So 

EI 5 A- 5 DfcU *HB^CDig^ga^2 
ElT&So 

El 6 Ati, :*!PJ3©&iifi!c£&ffi£j£ffl L/c^^EOS^y o-feX^M 
«ElT?ifc£o 
25 El 6 B «¥&ft&H©-^«©$MElT** So 

ei 7 aw, *^h«©ii» i o^wftm-vm&fov-mzKtmxhZo 

El 7 BteEI7 AO^+{c»$n^«fe^li7X^cD±BEI^T*So 
El 7 C liffr? OftbcD«?ij©«SBf®ElT'4)l>o 
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si 8 Ait, *»9!©*itew 2 o^m^^^-^mmmm^hho 

H8 Bte, H8 AO*W<w^$nSttlW|-7^^©±ffiiaT?*So 

EI8Cte. ^©te©0J©*SH0r®EIT'&£o 

El 9 Ate> *»WOH*0II 3 Oi|M»#**?0--W©«WiBH-l?**o 

5 H9 BtiBI9 A©*^*^lS*n'Slfe»R-e^^©±ffiBI"T?**o 
El 9 C (i^liT X * ©ffe©0J©± So 
El 1 OAlt *m\V>%fem 4 ©¥&ttft^©-»«®EIT&So 
Ell OBIi, Ell 0 A©SW{^fife$tlS^)SvX^©±®ElT'*5o 
Ell iAte> *5ftWO«W5©*«W**^©-Wol«l»iiBIT**o 

10 Ell 1 Bte^ Ell 1 A0^4 J l-«$tlS^lgv7 > ^CD±ffiEIT'*So 
Ell 2 A (is *fftW0lOISW7(D^#jt* : fO-fflO*»raDBI"e**o 
El 1 2 B(is El 1 2 AO^+^J^SftlSife^vX^CDiBElT'^So 
El 1 3 Ate> *%W<D%M&\ 8 ©¥###S?©-0J©$»r®E|-£*>£o 
' El 1 3 Bte. m 1 3 AO^*«^fi£^nSlfe^vX^©±ffiiaT*So 

15 El 1 3 Cte. ^©flfc©W©<ft»r®EI'C&£o 

Ell 4A(t *^©||«£^9<D^#i*:^T®-^JO«E»f®EIT'*5o 
Ell 4Bli, *?it»^ldt*nSI&»«vX^©±iEH«r*to 
Ell 5 Ate. *^(D^|Jfe^l 0©^(***?©^©IMJriBIS-e*So 
Ell 5Bte. Ell 5 A©^4 J {^fi5c^tlS*fe^li"7^^©±®Elt?*S 0 

20 Ell 5Cte> *?©flbOW©*»riBH*e**o 

Ell 6Alt *fPJ?©fyfe0U l©^(*7fe^©-f>i©«E»r®EIT'*So 
Ell 6Bte. Ell 6 A0&¥WzWfczn6WM&vxtv±mEre&&o 
m 1 6 Cte. * ; F©flfa©iW©**rieBI - r*5o 
Ell 7 Ate. *^©H»H 2©3NM*jt* : f©-«©*»fiBBIT*«o 

25 Ell 7Bte. Ell 7 A©^*{wBfife$nS^^X^©±®ElT'*l)o 
El 1 7 C te> #?©flb©0l©IK*fffiBI*^-fo 
El l 8 Ate. *3&0J©*91SW 1 4 ©^(*#*^©HH©l8»riBB-e**o 
Ell 8Bte. * : f+l^ldc$ns«««-?'^^©±iiBI"f**o 
M\ 8 C te. ^©ftk©^l©W®El^^-ro 
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hi 9«, mw&mvM (tem) K&ioWimtstitzms Dizm^tz^m 
H20tt. ftwf-mm (sem) t&iowimtsntzmscizm^tzwn 

io <m&&M&mi> 

EI 3 E©:/P-feX7o-£#J&L-a&Dfl-f So SlOIItU^ ff|itf*7r 

'7 >#xtMffli^.»siaoiT?o an -^r^rgfe^Bmcs i 

££S&£:7 y& (HF) Ix,f>^ (xvf-+ > h) l-<fc£S i 0 2 Jg©0 
20 &©* 3 ©Ig*^ S3 A-3D^#MLTratSo *?\ *2©I3in? 

se»nfcB2g*«4 ofts i o 2 oi4 vm, S i 0 2 i&^X* 4 t^-SO jWB 

te, **r©t>©*<#M3p4 - 1 6 4 8 9 5-t (#S#fF£5, 334, 277 ^) KKfl 
SnTVS^ *f6W*ttttff©MOCVD*ll*3ftJfflLs i^^/XOil&SSO 
25 -o^7^i7^^l»&ffli;ffil>f:, m3©XS(CT N *F©E#£lB&*mE 
(760Torr ) tcLT. C©^{C7>^-T (NH 3 ) #x£&#2~5l)-y h*/ 
(2-5 S LM) . h U yf^'J^A (TMG) #'X£&##Jl 0 c c (10 
seem) -trig^ft Kifci&U ^fije-fe-y h$tlfct7 7 ^7SS^IfiIl 
0 3 O'Ctcin&Lfco 
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Wmtifi+o t-f. B«£*»4 0rt7?^7r'fTatS*BD±{!:GaNO«teS 
5 Otm^tli (S3 A) o *©^#ti££±K£*:^feAft&^3lo «fc ? (C 

5 cs em) -enm+zt* m&mizctomMib^r^zzt&mmvz 

Mfcizib. &*&Bi 5 0 &i;u££$|H|ttBI 3 A©£W*-f in < *tt*o 
io rticT£#-rs *>©©> ^f*ig*iti^^|gart^»^si6**<iiiH-e^»olKtt 

15 SB4 0©ii:?&^faik7+v/t^5 1 ©iiBI:f fc^M^Si Lt 
S i 0 2 Jg^X? 4±®tc?&-9<k9(cGaNi|ESa©* : &J : -t , ^ + -> + >'l/fi£^^ 
£S (BIS C) o S i 0 2 Hvx* 4±ffilwJ&fifc3tt*GaN*gattB£ 

s io* R^x^4±«idt*n^««*ffii:wi-* : eifcr^*->+^5 2t 

wi/»5 2©fi£S^B{c«*tjl 2 0° ©ft£*W*3BDG*<J&£3ftTir*fc (H 

3D) o cn(i^"rnitr^+s/+-rt^P5 1 ^Afttttt^jdcfi^sc ti-a^-r 

&*>©T\ B2*«©»fr&S iO« K7XM±S^uxk7*^/HS© 
J&g#® (7N^tt©#J®) ^gSmtSHMH©"*"*^ Wt7^->t^5 2 

£Lt©igT-ft83LfcG a Ntea^m^wtwa-eiiSLfcis^ 
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5 2lz%^&&&X\&<D®m^Wc^&^Z.t*3t&Ltz 0 mi 9(i, El 3D 

cas i o* i&v*? 4 ©»□««**■*•*<. cn^(c£#j©^icmbns^ 

5 ®fftli£||®iK (H3D©'s-f-Ditr^*>' + yM»5 1) Tl 0 a -10" 
cm"\ £#J©^« (H3 D©**xhT^*i/ + ;mp5 2) Tl 0* -1 0 s 

5 2 fc^TfcWBSnfco C©«ft(iiffi*»*TOtttia© 

±iE©s i o 2 f&^x? 4%mmLtimm*m&<DmKteigiki&M:&ffiim 

U *ISW#«a^«l**{**ffl^A:^*ftSlI©Mate < !: LTEI 6 A© 
' (1) t (2) (CTjrryn-kX^rtl^-rSo 5K*®ftflf«!: + ^ 

15 ^5 2 ©£#£*ijffiLfc *>©-?*<&*<, w^tf-y-^T-fTXttAN^a^tea 

«ft*W^-S«Stfftl±»-*a©Bffi§«*fi?oS i0 2 K (Xlidninftfr 
S*aS©»l*IR) ■7T.^4^fi£L. gft«##^£/&£i»JI#it5 5 £J£ 
j£-f£o BI6A~EI6Cti. ^NW*b — «f*?£0MfctfTV*J&<, #*-f 

T* : f»ff*(T9ffi«*^fifet*H6A (2) <Dmtizmmtzz.ti)<mti^o 

El 6 A© (1) Rtf (2) <ht>, «S1 0«rJgB£L^tt^EP*|fiUw^i/>^ 
£*tV\ 19 6 Bfc^tio ttiW*«&^{*U-1f E*tcc©¥$ft 
25 U-lfJtfFW^ 4±JC^fi)c$ny!:**xtr^ + '> + ;W5 (GaND ICn 

m<0^ma& K-TX/cnM^ ■* KS6 2 inS©A 1 ,. ,,G a„. esNl^b 
ttS 6 3 , 7 > K-7© I n G a N^fim^FJIfr £>tt5i£ttJI 6 6 . 

pM©A 1 o. ,sGao. a s Nj^& (H^-e-f) , piOGaN^^ 
5^»KI6 5, pl^7 KH6 5 «fc ») fil. >*&©*«&££& pSIG a N 
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{Ciii6iA^nr^$n^nM©GaN^6 7 (ni^ry KStHl^U©* 
fcfe^l^W) trSttS6 6 + 'JT^ASfi^f&'JPB-rSo :®l 

^"etinMOG a Nl 6 7*<^$tL^^^©TSUOStt^*^S±©^iJ 

£1*, 06 A© (1) Rtf (2) ^t>Bgt>^-e*6-9o tt*>\ 136 A© (1)5. 
(2) ollftii:*5^T^ ^©^{itOOaJtSiUcJSSlW^^y My 

10 ©T?*5o 

<i^l^fiarT2 > 

3 tzti iz K £ tlfz h ©T**> 6 o 
15 iSilO O^K^im+T'&gHtLT. to*ii:*lflo 

SiO 2 )gl0 l^Bt-rSo ftlCf lOISi LT> SiO, BLhKGaNR 

S5A (i) ic^-r«k-5«*fai«a*^«ii)t^*wffl-rso crisis 
20 TcW^EBsnr^So ^fx^yx;Ki> 2«g©#xft&^>©^-fn^ 

25 2>£#j7 6 0TorrlcMSELfc&, fclifclMbLfcS i££l 0 0*tlt5c & 

S i WRtifTsV&J XJUDr£llz.2ft(DT'<-?-+ -zfu- hZWAtZo 
±SB7U- KOT^-^ + iiS i 0 2 Kl 0 l ®&J£j&ftSi;:£frt!\ 

h 'J >f-;l/#U (TMG) #*£±SUftl&5'f 1 OsccmfaftW 
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fc#t&U A (1) {CT-ffcEfl^lSjlcx^ KLT\ RRfltt 

tcTMG#7.£S i 0 2 Rl 0 1 *ffi±{w(ft|&-rSo Z.tllz.&<0, S i 0 2 M 1 
0 l*Si©i»^iiJ£ffi:ll©*lcGaS : ? : ©tt*^b>tt'5«5 3jWfMU $iB£# 

5 »2®IgTtt, MfcT^t-T (NH, ) tfXSrTW&^'f 2 ~ 5 

bsks iS&i o o**/i/*>&<&i o o otKin&t-* (12 5 b#jro 0 ;n 

4*<S i 0 2 Rl 0 1 JtK^/ife^ftS (EI 5 C) o EI 2 0(1, B 5 CfcfcS-tS 
10 ££*?K1K4t (S EM) W&T&>0* S i 0, JR 1 0 1 ±lcJ&jft3nfcG a N 

CCT\ *%^#tt|§S5 4*<S i0 2 Rl 0 1 *ffi^«*a-9 ffilw&ilJdcg 
£±a6. *SH5 4jWfrifc;*fttt^S i0 2 Rl 0 lM^^Wlcx-y^y^L 

£*©SK»i[e]&7 0£|§]-<2>S iiSl 0 0 Itcty 'J •> y 9 C 
-?£5o COJI^ S»l§l&7 0 &4*tifr&#tt<i:¥^fl&M^ 5 5©T 

±sutcfl[M-rspMmei o <tsg«f[H]^7 o icHcii-^f^ 1 

*2®IglCTS i 0 2 Rl 0 m®{C^5 4£W«*I8<9 (W^ 

HFi0x 7 ft>I^TS i 0 2 Rl 0 1**1? U t$A5 4 £ S \WSL\ 0 0 
±&fm+&o cnn«tfJ. GaNTOH B B^b^a«f^^S^WIIST§'5o 

i C So 
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K-T/Lfcng*?* K16 2*nIW^ K-7LfcG a Ng&T*<£$3-£ 

(pseudomorphic device) £$fi£Ltf:££^ teW&£13>AK#-?«l^R§ 
0»4*«l*!lLS<ttSo 

£IH5A (2) fcfcJfcLTlJMB-rSo MK#Hff®S i Oi Rl 0 l£JBj£L 
10 fcS iS%10 0*— ft>f*>H«»#fi6H (S IMS) K«BU Ga^t> 
^toME 1 k V> fi&gttl lxi O'Mons/cm 2 fSiO. RMKJ&tt 
Ltio CCTfflfflLfcS IMStt, — ftfcs t a t i c S IMSi«¥tfftSfc 
cD-e, Kf4M©*lR?Ji^R#Ji©tf1W^ffl''^*i**>©"^**o COS I 
' MSIilftfiKl 0" 6 ~1 0- 3 mA/cm 2 <D-<*>£0. 5~5 k eVd* 
15 ;l/^-T?ttf4iwJ»W-rs*< % giJ<Z>«JI©S I MSlctem$fc&& l - l 0 0 mA/ 
cm 2 ©>f *>£5~3 0 k e VOi^^-tilft 5 t>©fe*5o 

S i 0 2 «*®^©Ga>f^>JH»ti. -r^>t'-A©g[S*<S i 0 2 R£S 
20 tCTl 0 0 kttlh£oK4*>K¥%-1:& l 0&^ IRItl$IHM;#Jl#£Lfco 

5 3£}&£LfcgL S i SIS 1 0 0£S I MS^&ftOtfiU ±:$©'> + 9- • 

25 (Ni ) -C^-^ftTfc^ ttzT'<-?+ • ~f^~ hW^tlTl^o S i 
SS^t^-^y KJpKftBLfcSU hU/f-^U^A (TMG) 
±SP^7-T>^b 1 0 s c cmT. 7>*-T (NH 3 ) ^^*T*W*&5-f 
Vfr£2~5 SLM-p**iW&U EJBSICS iSil 0 0£*;U^t>#j 1 0 0 
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^{C^/c^^-yh'-A-e^^ffM-r-S^Tti, static SIMS 
T«®ZKtitt2>Jjmt% l ©IS** & > + 9 - • ^ v h'FT-'a r> ^fcKJi^ 

2. ¥$ft$£S^©f£ffl 
<Hife0<|l > 

#fPJ©¥##gfi©-||SE0lj£EI 7 ARtfS 7 B <fc B&9J"*-*,, EI 7 A IZ 
15 *5l»T, ^(df(OOOl)C iS*W"r**7 r^T (a-Al 2 0 3 ) #*£fig& 1 ±1^ 
GaN 7 2 , nS>GaN #&&Ji 3 £T?W«&Ri?ttBfifcgfcfc.k 0*£H/&g 
« 0 *©&s EUBKtfL^ 7h5'fy±©M«W( £ *> 2 otStf/": 

20 «1 0(ll-20)Affii:¥ff^|fil(C|9:^LT*5<o fcl-. tmW:'?Xt'**-> 4 
T'^$n/c2o©SII^lc*TLT. nSGaN 5 U 4»*K 

ftliL^i:, 3l*ttl^TAlGaN <hGaN S^PtM&tf 

GalnN E^HM : F#Pl^t,^?.E^^*S ; ?#PSttl 6 . pMGaN Hm$L 
25 17, pSGalnN a^*? hl8£IKifclftttSo U 7 4 -KJ: 0. 

9*»^t. pwts i o <bnflijm@i i ©'<*- 

•tO^^HLTBI? Atc^-T^iKlESfr® (EHB^B-B' Kfffi) £f#£ 0 
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i£*BH*S©JBtf¥*»®*££: LTR^SCt^Sfco *3SiJfJ©#&T?kU 
5 1 0 M /cm 2 ©«&ffl-e*«S©K*tU ffeiliJgTX?±Tte**xb'**-> + ;u 

*©*«©ig«T(*rtas*s**<*:s <*«s®^ i^-if^a^(-ctoTfc 

fPKftflHt©*^ *> *> l / 3 ~ 1 / 4 iz£T?fiifcr&fco ** : Fti. fife*© 

"SI6SftStt4 10 — 4 3 0 nm©iEffl"^*^>/'Co 
15 £fc*3dlS0ll©S:JB0»]*BI7 C (BI7BOB-B' Wf®) WJrT^o X 
^©ftillg^lftltvx* 4 ©><*-> 4 0 li±&©*ti£$tta|a|i;T£>sa>\ 

£3-7 //m©i5ffl<i:-r<&o $ * h?^ 7©W<Hfc*&l l 2 
20 « 0 C©«i&Jil 2W\ ft»Ktf«JfflLT»«?liJc&S*^naGa«8lE*Wt 

H7 ci;:***uret^ »*sttirtn*5Jtsfi^«**Tfi3ta5fe©+*f!i 
25 *ic©**»*aA"*-* >j «y h5*7*tas£WLTv*©T% wsft^mata 

T?U-1f»ttU gflKfctfSf&jgjftgfcU 10- 4 3 0 nm©ieiT*of; 0 
<$dfe0»]2> 
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-m><fi->bi®z-T. sis Btiptm&m^x? a<d'<*-> mmz®) a 

9 LTfc< 0 *Oftl«s iPJWO^n-b^ftT, 08 

Alc,T-r^«S»r® (H8COC-C MrS) *»So 

/<*->©ftfflfcfctf**SJlJdi&*ttlctt, **0!B#«:£#"ffc* *«fi»^> 

j£S&J£©*££££ft?78 LT, ¥ffiT?^tt«ffi*±ffi*W-rsJ©Btt©#* 

15 < tfcHM^*2/3^&l/2©l6IBlwfitt^-SC<!:*<prtlT?*ofco ** 
^tt. ^fiJCfe^TJftlBftS 4 1 0-4 3 0 nmOfSHTU— FS&ftL/Co 

H8cic{4. *iafefli©as^w*wriiBi-c^-r (H8B©c-c »f®) o m 

T'A'<-t5, S8 cic^-r*^*H7 c©*n£it&«iu +*©*»»* 
mj&tzm&m<nF a ni>Mft*ft±zi£zz£&X'%, mi c ©#?*$'>«:< 

£fc(Wlift£2/3frS> l/2©IB18K:ffi«T£rt:o fcJfrFii* Mlwfc^T 
^jg&^4 10- 4 3 0 nm©igffl-eU— tfttftLfco 
25 <HJfe^j3> 

*!6W©^#{**^©flb©lljfeia|*BI9 A&tfBI9 BK^Mt* (::t-, 
0 9 AOT9 B©D-D' SfrE) 0 ^©JBfifctt&feW 2 KfctfSH 8 C <b l«I D 
fefiJiJt^Tft-5*<. l6lih7X* 4 ©'<*-> (BBflfcfiB) 4 0«H9 BKTjrTJ: 
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€ 6 ©*SilXPf&?&lg£ $ h fcffifc Lfco U - If X h 5 -f 

io or^T'* o . Mm% t> i / 2 ^ b i / 3 un&tt-e £ fc 0 *^w> m&icfc^ 

T&S&S4 1 0~4 3 0 nmOiSfflTb— !f»fFL/Co 

*HMSfi|©^ff!*BI9CJcJ:0ttW-r5o Z.<Dmx\t, ^©D-D* Sr® 
14H9 Atcflli;*4>©© % IMgvX? 4 ©'<*-:' 4 0*<»ttSo &A 
' ' ©^5-jjJtftlCftSffiS8©yi|©'"«*-:/ (IMfcW) ttft*^Ji^JSJt*n**<> 
15 +*©#«»«at»w»«-rS«^BJcfiffl©^^-> OH**) tijEAftJBttfc 

20 Aft^©^KLTJ3IBWlc8fctt-CV5o cniCfcO. SV*fcR8r*-SSM3fiP 

LT-o©^tftJi-^56 jtffittS 6 o # K av£ A#Wur t z i t effl&© 
III-VJ£¥#ftT'£5g4b^¥#ft#*4 (Nitride Semiconductor materials ) 

25 So ^oT^^^^^xh'^ + ^t^S^^S^B^Aft^fJBi 

El 9 Ci:*t*felll7X? 4Tii, A#fi#©*£SjWSfi"r*teJf£RlfcLT^ 
jEAWtt©BM*ffi lciSgLfeeAS* < Sl^^{*LA<tt , 9. ^ 
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4 1 0~4 3 0 nmCDfgiB-CL/— tfWjftltz 0 

5 <nmw4> 

*%wommmmm 1 oaroti oBicj^tawtao s^oftsmmfe 
10 mm&mi&*ttmi-2>o mi oa^eh ob©e-e' mm^to 

1 7!>M 3 «9 *>iiiai;tt»ft£lt3t U mm 2 T**§ &ttfc*« 

" KlbftWpti < £ 3 ~ 5 ft©KttJ**BTtlt Ufco Mlifc^T 
15 Hi5&g4 10- 4 3 0 nmOllircU— tfftftLfco 

*iew©«i«w*ia 1 1 a&o'ei i i Bicj:»)iftwt-*o ^of^mttsote 

011 fcli«*i;<Sj&<x 1 ±teW>LtfGaN /<*"7yJI2. 7 > K — 7" 

GaNJI13, 7> K-7GaInN/AlGaN -DBRfllfiifiiEltRl 4 (DBR = 
20 Distributed Gragg Reflector ) , nMGaN H&ti&MS&l&B&M.'tZo 

eii lB^-r^^tc. jE^ftm&ommm^x? tmmi*z<Dmmzw}x 

"/GalnN/AlGaN - D B R *&A£4*K 1 5 £giRj&gt So D B R^i^SltH 
1 5UDBRfi|igSRIt^l 4 £im UttOGa I nNliA 1 GaNJit* 

*Kft«t6#^ D B RfilitiSiSWJi 1 4 t 1 5 tX\ G a I n NS&tf 
A 1 G a Nl©'>tt < 1 1>— *©7C**ftJSfeH: (Ga : In^Al : G a ) 
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DBRmmmsMmi 5©RW**DBR«ift»iR»iti 4©*tw:<9fi<« 

€1 5iJi8&t;ji7*x y f->^4LTy viSXhyJzfZmtfLltz&i^ 

10 1 1 AOJiOl^jft-^So pflfl«ffitnfll*S*atSILT, x 

lcMtt;Sr GUcBM LT*SHBiS«rW OWL. X^-T^lciO £?£#i§t LT 
Ell 1 Afc*t*^»riB*r»5 (Ell 1B©F-F' tfrffi) 0 

ffir&Ofclfefll 1 ftM 4 U-if ttbffli&mtSi <0 > U— If **«R 1 £ 

20 T'li, DBRfll&ieRStJgilwioT. « (DBRflfiiiiJSIflg 1 5®±B) <D 
9 5 — 99 %J£-l±Oi^l ^{c^(c|8:^-e £ . MMWl 1 ^ b 4 (c^r L fc 

$ < T^/Co HSfefll 3 ©^(Clt^T, < i fcHIIWfc* 1/1 0*>&1/ 
3 Olcfi«-rsciA<BrtBT?*->fco fctfftt^ M^*>*^Tlfifi«ft4 1 0~ 

25 4 3 0 nmOigfflTU— tWELfco 
<HSfe0>)6 > 

*5BW©flb^JfeW*tt , W"^'5o *H«W"ett* -9-7 r -T7( a-Al 2 0 3 ) S«© 
ftt>*>l^ &K1 ^r7 , N^B^Wurtzite^ii-e*OSfeffi^a^(0001)C ffiT&S 
nSOM3t( a-SiC) iLT* -e©±{inMGaN /< 9 7rl*fiin, <£® 
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tZo 

fit, *SJlJMLfcft£0*Siii*TKLT, 7">>h*8t6Ci^HT 
5 iW^iB©P««S*^a^1»¥»#*e6LT, S£T®©n 

^fclffco *5fe^«. MJC*i^-rifeiB*S4 10-4 3 0 nm©tgffl-ei/~!f 

10 <^«]7> 

i nm.4xtm Ltz^mwrnrntrnmiur^^ fe&mvm&tiKMzizft 

' mi 2AK*5t>Tx fl|;ttf(0001)C ffiftrfrtSU-^T-TTC o-AhO,) 
15 ££ 1 GaN / < y 7 r 1 2 , n MGaN 3 £ TWttMA4Bj£ftj£(C 

*ifctffc*MtR^X*4©6^ffl£tta- AUOi ££ 1 ©(ll-20)Affii£»tt 
2F|S|£I5fc£LT*5< 0 ^tc. nMGaN j^jftH 5 £»ftj£SL^|S|lc£#LT 
20 Wi-oOi|[i|t^StT^ B B H fi£S^^$^ *©fcK3l£«&^T 
AlGaN ^(ItWtiitoaiGaN *FI*gJl&tfGalnN i^#Pl^b^5E^I 
£M?#F?£'BJI 6 , p 3!GaN jtiWAM 7 £li&IS:tt So fclc, ';v/57-f 
K<fc*K aMM*7**8*ttttS 0 £ bK, p^mgl Otnfflm&l I©'** 

25 OtfiU **5*7*lcJ:9*^P*£*LTiai 2 Alc^tlWiB (El 1 2 B 
OG-G' KtBd) £$So 

5 /zm^±lil5^SCi(3i:^^iJ^S[M©^Mig<i:^<9. ftlfegg-? 
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nm©ili7r*o/:o 
<H«S0IJ8> 

10 *!6WOflfc©ll!tW*BI 1 3 A&tfEl 1 3 BlCfcOffc^So *F©flF«W:£ 

J: S ^Sfefll 7 £ <9 t> Jill** Lfc*»»l 5 

-o©^#^^fijc-r-SJ:9{-L/co C©£H, Ell 3Bi:*t*ft»R-ex^ 
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tefc^ Ell 3 A&EI1 3 BXtiEll 3 C©H-H' BfrB^to 
<£fl§0l9> 

5 *^©ftk^sfe^j^gi 1 4 A&o'ia 1 4 Btct^ra^^x, m-nftmmm 

<D?i-'i*-yt LTfft#T:fc<o ^©^-'^-^©^Jch+JfeSB 3 ?!]©/•* 

>^CfiJtgL/c^aiC^im^M$^£^«k9^I^ *fe«fi&Trt'<-LTfc<o •£© 
flfeli. £<^Jte0>J3 ^^©yo-fexSr&T, Hi 4 A Jc*in^«t®rffi (Si 
4 B©J-J' Wf®) &&*o 

' ei 3ci:* itztmrnvx 9 itz&xm 8 ©&^<fc *? 

-eKfiR till Al^ £ -5 f&tigttl «b±«#*»Ji 5 £ t *<T £ fco d 
©ISJk Ell 3 C(i^L^iisfei^M^^^ ; &«fflt/cllM8©^J;<9^< <t 
MftlSi 2 / 3 & 1 / 2 ©^SHic^f- S d t &m&~e$> o 

<mnm o > 

20 *%H;|©fi|gdfcftl&H 1 5 A&tfEl 1 5 BiZ£WMt&<> &¥<DftmXMtt 
HSfefll 9 C El 1 5 B tC^-T «k r) K.. 9 4 ©ffii|g©yij&ilft 

Hsretiotttf ttv* J: 9 tc U ^JrtTtifi* ©£1S«£Jdt£ Lfc:Jt*»l 5 
JillCfc^Tlgai^oW^/cX h 5 -f 7i-XK • TL/-ICL/C 

mmffltzftm-Zo M^©^-^*->K/&5L^iiiicii, m» 

4i:tt^J:9lc|ft»ill?*/<-Lfco Ell 5Ali, Ell 5B©K-K' 

1-0 
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MW*IWZ& i /Co C ©£H> 7 ftM 9 ©*#&£ «9 fciSirti;*7lfrtt££3t 
U ^ifeffl 9 X<m t,n/cg^Hl*J: 9'J>tt < t M£JsU:©i*tlja*«rt&£ L 
/Co SfeiiJ^X?©^ LT. xh^-f^filtttMtt* 

10 ^g^[S] (Ell 5 BiC:fctf&±T#|S]) K@#L/cteM*<£<o/c£^£fc^ 
15 EI 1 5 C©*?"? M\ 3 o©W*«^Sfl* 0«<S*©*ft»*&tt- 

icto, si 5 A©&w*ji.£>ma\ mmomwrn-*- mm^mx- 

hitzo tiz. mi 5COHfli7x-XF-7L/-«U 
flifcLfcS**- K»fln?*^fco cote*. Ell 5 A ©H? tattle, ^Jteffl 

25 ^ So 

<£*0J1 1 > 

©T'^^o i^n©$fe^®{cfcg^^sp^is:^. *fcss©R»5W:tt±&©£*t 
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i'T»^^ £**i<z>gfc& «5S3^©ttDfiL®iN*2ajK±T*>«fc 
a*©tett«**<i 0 4 -1 o s /cm 2 leni-a-*^ zaBoneiMiv^^ 

3% fin^^k^#^W©III-V^#^^ (0Q*.tf* CaAs. InP) fr&tt 
lF**©ftlMW»¥»ft* lot, 2R«JK±0»«fcftlcJ:*>ft 

ei 1 6 ami 6 B^m^tx^mmmo^mwv—^^^nt 

t7r'f7( a-Al s 0i) #*£H.S& 1 © (0001)C®±IC N Ell 6 BICtf 
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tZo IfeilvX? 4(07, tv^C/lt. if7r-f7lSl O(ll-20)A®(C^ IC 
B#««k^iC3BBfc$*l*o GaN ^-y77i2 2, nUGaN j^jftl 2 3 
*TW^«»HldtStttw«t:*)*-a«0*^S«:?T^o C©RU nIG a N 
5 M2 3&2*©X h^TW^PSP 4 0 (CfSiiJiEg U +*«©lfe 

*©&> nlGaN|2 3±®l£ 2&l©il&liJlvX? 4 1 £»TSo *fe& 

SB4 2*<«$tlT^So C©g$£SM 2©X l^^te. &tiIg|vX?4© 

jis£@^£^4 oiaifoiiiivx? 4 nctosfcnw&o 

" 4 ni«fc»)Kl^a:»©«lR)i£fi*(T-3Ci»-J:*)s nMGaN #ig&15. AlGaN 
£Ot? tfFSttJI 6 , p MGaN 7 , P MGa InN 3 > * * h M 8 &H& 

»i«o *) v77 7 4\z&*)immvzm-i:. vmnmi o tnmmm 

20 (HI 6BOL-L' Srffi).£*§£o SP^ C0^^^tt*tfW|-*** 4 1 

ftii£:£fi»i it^mi o ©m? ©-enfcit^TiSM-rs c iwx°£tz 0 

(Ml (GaNi) 2 3 ©*gli&K**J&< 1 0< ~1 0 s /cm 2 01/^;l/l?*n. 
/c©K*tU C©t>*it7 + ->tMfiT'ML/:GaNi2 3^±^ & 



* 
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fcKfflKlil 0 3 ~1 0* /cm 2 ©l/^OHJUftttTSfco 

>t@ mmzui 2©^-&) ©aiisicj:ijj^ayi5©fi*«ii»-rsct*<-e^. 

C tlici «9 ftaKftl 6 ©±IC»# Sf&ftSft/l 6 ©H£ 5 it mJBl±»::lft£ LTfiJ 

Ctb. t tzftitm&m 6 ©M£ 1 - 3 u m©ieffl(cia 
10 £ LTlfcJBtf B H X h 5 -f ^«Kft©JB»f*«ifeffl«|Ji*«|li)c-r* 

*)t)l/3 -1/4 KS-Cffiirefcfco «fe*©/<;U^gjtfiHJ;0^fiJtL^ 
"***9t>«tt»»*TU-ir»ftU 4 1 0-4 3 

15 0 nm<DmfflT*&r>tz 0 

xn&mvmmm*® 1 6 cK«k»3»wrso x=H>tmiu ±moM l 6 A 

iOHl 6 C «5 KJi 7 &tf 8 "J ? i^x h ^^^{cjfjDXf 5o U ? S> 

Xh5-f^ , ©JS»*tt2-9 /imOlBHJClftStSo |ftlWI*f>JfflLT 

20 'J»r^Xh7^f y©M#J(c:aiil l 2 *SfiSt"^5o ffii* l 2 SiR&S!;: X 
SnMGaN LTt>. R«#lfelMI**«>^Af* t LTfe cU\> & 

iliig^X? 4, 4 l©tt»ttHl 6A©i?iPira^ i&AJll 2{iBBf]£ 
S&4 2©X h^7£B&TO(C5I#LfcX bvJzrtlTBf&ZtlZo m 
l 6 CliH l 6 B©L-L' BrSS-^-To 

25 HI 6 C©#^T(i. f&tm&MGV&ifolz&^X, U ? ^Xh5>f^i;© 

f&ft«1£16lc&ASft£*+ l>7©Mttli. SNI3SS4 2 (cjta^TSiill 2 

©rBWr*t>$(iiB$*i3fc«K ifejtstts 6 ©sfrg©raK* + u r^Pi < a 
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4 10- 4 3 0 nm©feST*oA:o 
<HSfe#J 1 2 > 

^fPJJOflfe^JtefflfcEl 1 7 A&OT1 7 BC«t*9M-rSo ^S60J1 1 tWSk 
5 K^iF^ftSStS^ niG a NA 2 3 STi^tf fc&> El 1 7 AlC^*ttlWr7 
X?4 llC«lRjjcftl*0^5-^^->«rSflllw2*ilD^.*o 3 h ? i'? 

^&tt*BM§«4 2©iaiB8tts ffe*ti&vx?4 1 (D^&t&mtzmu® (in 
io mmzmz^^oi^ tmm9x~j]'<-Lxi3<o *G>m±. ^<nife^ji 1 

«b|5|«|0-/o-bXlci«9. SI 7 Afc^^JTOSnE (Hi 7 B©M— M' m 

*f*ifeW;:<fcS t, *^©!8«tt<iJftic*J^TttJI1!ffiKft*IlI»LTlSatt 

15 Ctllw^O. J:&fc*fcT?U-1f:***ttT**«fc 9lwtt0. l«k04> 
< £ *>«M**2/3 rf^l/2 ©ISIUcfijtf SdiA<Rr*6T*oA:o 
fi> aaK*Jl»Tl61Bai[S4 10-4 3 0 nm©IEfflT'l/— 9*»>ftlfco 

*HJSWI<O^0fl*BI 1 7 CJC^W^-TSo C©^li. Ell 6C©^<h 
Ell 7 A©^£#r& L/C *>©-?#> £ 0 BPfc. ^SfefllKTpSGaN ft^&Jl 7 
20 S.O*pMGaInN h^8^'J -y^X h^^^f-SnXLs C©V-y^Xb 

5 -f 7S©Wfl!lldSi&Ji 1 2 C iTEI 1 7 C fc^«»riffl*ii£*rf 

m 1 7 C©*^T?tt, p^GaN jte9jftj| 7 ©4>*lcftg1-£ U y 5>X h 5 * 7 

25 cntcJitK ££<fcoKtt<9, Ell 6Clc^1" 

J: <!: fe»mSiE*2/3 fr£l/2 ©$SHtc{£&« C £a<^filT£>o 

/io Sa*C*i^T3efi«fi4 10-4 3 0 nm©f5HTL/— !f»ftL 

/Co 

<HMS0|1 3 > 
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izmwommmzm 1 8 as^ei i 8 Bic«t wnt & 0 mm 1 1001 

«Ufe*ffloift«Mi-r^^4*ia:tfT*J<o 14©±lc(i, fc||gt7*? 4©SM 
5 £8B (BfjPSR) 4 0**j:^<!fa9«k9liLTjfelWlvX^4 lfctfctfs ««K 
•7X^4 lCDg^^SP (MDftf) 4 2ttft»fl|TX^ 4©'n**->± (HI*,, g 

10 ^SfetfU 1 <h£<|Stf$t;:LTg|l 8 Al^^^Srffi (Ell 8B©N-N' Hf 

'fco CtUCj:*K Ell 6C^EI1 7Cfc***?teJfc^TWHitWft*l/2 SfitC 
15 tX'&fc-VZtZo SaiC*J^Tf6Jgft&4 10- 4 3 0 nm©*ga"C 

*«W©«»«*BI 1 8 C(Ci0rat--5o CO*?li, Ell 7 C©jS^£ 
Ell 8 A®^£#f£L^*>©-e<fc£o W5> *foii!£7X?4 

20 g| 1 8 C ©^ ""£14. p MGaN ft^M/I 7 ©**llflrfif 6 U y ^ X h 5 -f 7 

ctu^o. $t>jnsa*-eu— !f***«[TS4J:9Kttt)s mi 8 a 

©*=F J: tfc«II»*Z/3 frbl/2 ©IEffllcfitt*-S££a<RTt&Tfc 
ofc 0 *Jtf?(±, $filC*>^T«fi»S4 10-4 3 0 nm©i5fflTL/ — «f»ft 
25 Lfco 

1 4 > 

*»W©flfe£*W*lftgi-*-So * : f©ftil!«*ifeW 1 1 ftM 1 3 (cE«©U"r 
n^tcm-fS*^ t7 7 ^f7( a-AhOj) SfiOffcbfJK* g£l iCTx^H^ 
Wurtzite«iiT'*Oa6fii5^rtt(0001)C i©ni^kl*( a-SiC) £fflU£ G 
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*<D±.iZ nSJGaN /< «y V rm&BtSiX. %W9\ 1 1 ft£ 1 3 KKttGH vf 
^J*fc*E«fc:LTfHHU HI 6A-1 6CftMHl 8A-1 8Ci:M? 

«mS©#^£ ti)<X*£tZo 3 &MSIC *«©»£*«»•* 7 7"f 

10 g[t'i^t5U-fi?^ifcc tSi:*^TM!4 10-43 

is ^tti<Dmmmz^x^ *gft*at**rr i ffi*±fc*i&w«at©»* 

tt*M4fr & * * 2 S * l IS t x C ©IS 2 mil (iT* t ^ S » l 

% 2 ? * -5 izmm¥mmt&®&&fr*K &s& 3 «*«r^i*f s» 3 
itmm&fa. xii^f : n^os^©(oooi)*gH B H ffi±jci t? 

itfa^fcMZmK *©(0001)^*iB±«c»2fS«*^ldtLx $&fc»2<K# 
©±ffi (SP*»> @M *2&*ttfca5«fc9fcfiKfiLfc»3«tt 
Oiim^fa (GaNl) Rt;-t©±»i-it:^*^ + ^fifefi*^»Bfc 
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OI^£5I«^I (AlGalnN) KJ^^ttfiBttfcJ&diLT^So 
*l«*fcli£#ftfc©-oT?*SZinc Blende ffiit^iJ-SG a A s, I nP, 
InAs, GaSb, G a P, GaAsP, XliGa I nAsfi^^Sl^ 

5Hfi^RS***<l 0 e ~1 O'Vcm* ©l8fflT?**©i;:atU #f£H;]lcJ;£ 

S*«fflLTfc, 3tTO«*©l 0 4 -1 0 6 / cm 2 ©iGfflXte-en&Tlcfi 
«T'$5Cit*5 0 $ £fcmH9J l l Jb£. 1 4 (c^t. ^amjfto«4itt^ 

15 3ft£^ttffii*©«AXKttft»: 1 0 3 - 1 0 4 /cm 2 ©«BXli*nJHT 

©J: 9 tt**««*T©W»«^*««(iJ U Stt^Wffittlc^f 8 

-1fl61g©fiHfi»ff*prtet-9"-5o 
25 *3BW©^«(*:** : ? L Ttt» 3 ©ftttttSg 2 ©ffiigLhrffi^lCfiJcg L 

fio*©j£gffi{iB&¥jB£tt£ 0 c©/ca6. *«t**^l-e?£ttJi«t56rifiJ 
file** LSit^lS]) JcfiJ»»**0fiJfr 6# JW&ffi^SttWit^lDitcB^iS 
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?5o 

5 'J>tt < t fctt***© 2 teJBLhfclSUS-frfco tt*?*JfcT*B 
■T*l5HTti. WMfllEtt*&TH****©l/8 £l;:ft«T?*fco COJ:9tttt 

SltlCfcot, *SttJl«*|SUC|SB»f««rR^^:BHX h5-f 7B«fWS« 

15 ^jg^fPS!-r 8 b— tf f^©fc&©HM^tffilifUif*ft8H&£*N' 
«fc*)fcl/3 -1/4 Jl*Tfijt"P*fco 
tt*>\ #|QfeW©*?te48#<6ffl©3SjSafcfitt* 4 1 0-4 3 0 nm©iSffi 

6 0 0 nmOT©«fe*^*^**T©lft**<pr*6t<i:S« dO^ttfco 
20 ^Tiix fi£*a*-eWLA:Xitt«r#JIRSnA:^o 

^m±©?'jffl^*itt 

a&©*sai*i&**rrsiii -vfcfk£i&¥*#©*sa**©fcK**£i o' 

/cm 2 OTJC»«LTfifc&-r5tw*Fatta6{*!&<«#$n4o ft^T, tt&3(*<D 

g*ki^*f*xttA#a3fc©*§a*as£*rr £ 1 1 1 - v8Hk£##?«*©*saT 
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mm^te&^mit^-vm^&z i o o otmcomwm (cw^ig) 

5 «f *o 
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* o m 



«*t*ftWiJft©ftiw*^e»<E*» 2 u ±ie» 1 ofi*©^^ < 

10 $nwSC ££#$£«f&#©i5ffl!& 1 «Jcl5tt®iNMttt»o 

S* 2 <D«**W U ±ESS 1 (D&WPK < £ *>-SUtt±iE 

" 5. ±iemio^«©±ie^2ofsmi«g$n/c^o^4 3 {-i¥tt^'5 

1 0. $j&5g£ £ LT'>te < £ t>2*£ trtrffc£«l¥#f*©*£a^ y>*l*),-& 



WO 97/11518 



PCT/JP96/02663 



1 2. m&mmz&tzm i ©fly*^ mm i <D$m±izB&zntz4mmm 
&vm. , tmm^tez>'% 2 ©««*, mm 2 ©fc^K^ste nfcs**^* 

1 3. ±i£S& 3 **W«S*«r**. R##Wffi«M;_tlE* 1 ©«*© 

1 5. ±K8t 3 ©«*tt. »*J^li©lltt*'>tt < <!: 2 &©¥##«£&« 

1 6. m&m&tttzn 1 ©«*t. m 1 ©si#±«j££tt/c#iiff8f 

'Jft©l(M»tt*t»4^&<£S*2©«*<!:x tt»2©««±ic^*nfclll 
15 t V*7C**^^SnS^4»¥W©A^ii»^©lg«*^«<5» 3 ©« 
±K3^©fS*K(iBWl$»J&<JBJfc3*U KBMS»fc:-CJ:KI(Sl© 

1 7. ±E» 3 ©«*tt#¥Wffi**£*. a*W««tt±E» 1 ©fg&© 

20 is. ±K#w«*tt. u— ifjtiftfiofctoo^fiSKa^w-rscit*^ 

15:<!:^5l»^©*effl^ 1 7 EtcEtt©¥3M*t6H. 

1 9. ±ES* 3 ©«*!*. £H$ti©#t £ 4>tt < t 2 g©¥S#5£ftB 

tT^^nx^s c tz&wit-t6n*®vm% 1 6 «icEtt©¥*#gito 
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LTfc <9 , gaid<&# LT7? £ fctt^tt® *»a»±fc£*MHi© 

io tf^o 

2 2. &$<Dfgffl!fS 2 OTOttOWft^— tf*^^^ f£ft#&$iiiC 

15 2 3. »*©i£ffl£2 2 35ifi*fe©¥#f*l/-1f^Kfc^T> 

«gttJi**ifiu-tt*B»f«*i8!tf r^fitr* s u -y ^ x h 5 ^ ^«a*aa:^ 
20 Tfesc<h^#mi-rs^^^-if^o 

2 4. St*©$&fflSII2 0^ISifeO^^l/-^ : ?(-^^T, 

2 5. fft*©$5ffl£2 0IlIfi«©^^L/-1f^«wfe^T, tt»3te$£ttSli 
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5 2 8. m$.<z>mm$H2 ommo^m^-^M^^x. tiums&m^ 

A^^©Wurtzite«i&T*oTSfi®^iB*<(0001)C ®jHRtt(ll-20)Afl5£W 
if SSfeT'fc £ C t t * L/ -if #F o 

2 9. !i*®iBfflS&2 8TO«0*»{*1/— tf^JCfe^T. ®£&7&<(0001) 

10 j»IHR©(ll-20)Affi(cS|qT*<Mii[-e***InJlcR3£L, ffi*tt*<(ll-20)Affi7?* 
15 (OOOl)C ffiifrtf5HM:ai-20)Affi£*r*- 6^^y t4T (a-Ah0 3 ) ttzWfc 
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FIG. 2 
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FIG. 5B 
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FIG. 6A 
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FIG. 7A 
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FIG. 7C 
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FIG. 9A 
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FIG. 10A 
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FIG. 12A 
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FIG. 13A 
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